Abstract-rs1801133 is a single nucleotide polymorphism (SNP) located in the sequence of MTHFR on human chromosome 1. The alleles of this SNP affect the activity of the MTHFR enzyme. People bearing C/T genotype have 66% activity of MTHFR while people with T/T genotype have only 25% activity. These reduced activities of MTHFR cause homocysteinemia. There are several publications on the relationship between homocysteinemia and human diseases such as cardiovascular disease, neurological diseases, abnormal fetus, infertility and cancer. In this study, we built a molecular protocol for genotyping rs1801133 using real-time PCR HRM technique. This protocol could be used for diagnosis of molecular mechanism of homocysteinemia causing the mentoned above diseases as well as for the study of the relationship between rs1801133 and other human diseases. We successfully designed the primer pairs for genotyping and nucleotide sequencing rs1801133 by real-time PCR HRM and Sanger sequencing method. We also examined the optimal MgCl2 concentration for clear differentiation of three rs1801133 genotypes. Performance characteristics of the real-time PCR HRM protocol included of specificity, repeatability, reproducibility was evaluated and it showed good results. Comparison of genotyping results of rs1801133 between the realtime PCR HRM method and the Sanger nucleotide sequencing method showed good concordances. Finally, this real-time PCR HRM protocol for rs1801133 genotyping was applied on 100 human DNA samples to evaluate the clinical utility of the protocol.
INTRODUCTION Ethylenetetrahydrofolate reductase (MTHFR)
is an enzyme that is involved in the methylation cycle in the human body. This enzyme is located on chromosome 1 at the position 1p63.3 [1] . The function of this enzyme is to convert 5,10-methylenetetrahydrofolate to 5-methylenetetrahydrofolate.
In turn, 5-methylenetetrahydrofolate is used as a substrate for converting homocysteine to methionine by the methionine synthase enzyme [2] .
The MTHFR gene has many variants in the nucleotide sequence due to different SNPs located in the nucleotide sequence of the gene. These different variants of the gene affect the methylenetetrahydrofolate reduction of MTHFR in which the C677T variant (rs1801133) was most studied. This variant has two alleles, cytosine (C) and thymine (T). C is at nucleotide 677 coded for alanine whereas T is at the same nucleotide coded for valine resulting in the decrease in 5,10-methylenetetrahydrofolate reductase activity of the MTHFR enzyme [3] . MTHFR requires the lavin adenine dinucleotide (FAD) cofactor for its activity and studies have shown that the human recombinant MTHFR protein with the 677T variant lost its FAD cofactor three times much more than the MTHFR with the 677C variant [4, 5] . form of the cysteine amino acid but differs from the -CH2 moiety [6] . High levels of homocysteine in the blood are often associated with increased cardiovascular risk, neurological diseases, miscarriage, cancer, infertility in different populations and races [7] [8] [9] [10] [11] . In addition, this SNP is associated with the prognosis of treatment with anticancer drugs. Specifically, the 677T variant has a good response to 5-fluorouracil in the treatment of colorectal cancer and breast cancer. However, if methotrexate is used in the treatment of breast cancer, the 677T variant will have a high risk of side effects as well as reduced effectiveness the of treatment [12] .
Thus, the identification of the rs1801133 genotype is necessary not only for the study of this SNP involving in human diseases but also for the prognosis of treatment with anti-cancer drugs as well as identification of molecular causes of some human diseases. Another application of rs1801133 genotyping is the prediction of the risk of neonatal illness [13] . In fact, there are many molecular protocols/commercial kits for genotyping rs1801133. Technically, these protocol/kits are based on molecular techniques such as PCR-RFLP [14] , PCR-sequencing [15] , real-time PCR with specific Taqman probes [16] , molecular hybridization with hairpin probes [17] and realtime PCR HRM [18] . The last is also the technique chosen for rs1801133 genotyping in this study.
According to our present understanding, no molecular protocols/kits have been developed for rs1801133 genotyping in Vietnam. This is why we wanted to build a molecular protocol for genotyping rs1801133 based on real-time PCR HRM technique. The molecular protocol will serve for fundamental research to examine the relationship between this SNP and human diseases in Vietnamese population. In addition, it can be used for the diagnosis of hyperhomocysteinemia as well as the prognosis of cancer treatment with specific medications as described above.
MATERIALS AND METHODS

Reagents
The human DNA samples and the bacterial strains were supplied by Center for Research and Application in Bioscience (Ho Chi Minh city, Vietnam). All the chemical reagents for PCR, realtime PCR HRM, agarose gel electrophoresis were purchased from Bioline (UK), Merck (Germany) and Sigma (USA). The nucleotide sequencing kit was supplied by Applied Biosystems (USA). The primer were synthesized and supplied by Phu Sa Biochem (Vietnam).
Primer design
DNA fragment surrounding rs1801133 was obtained from GenBank and was used as the template for primer design. Two primer pairs were designed using the AnnHyb software in which one pair for genotyping rs1801133 by real-time PCR HRM and the other for nucletide sequencing of this SNP. The oligo characteristics of these primers in terms of Tm, %GC, free energy of secondary structures were checked with OligoAnalyzer sofware to assure the good performance in PCR. Finally, the ability to bind specifically to the DNA region containing rs1801133 of these primers was confirmed using Primer-Blast software.
Real-time PCR HRM
The real-time PCR reaction was set up in 0.1 mL tube with following components: real-time PCR buffer containing the fluorescent dye Eva Green, dNTP, Taq polymerase, the primer pair CN5-CN6, and the DNA template. The reaction program was initated at 95 o C for 120 seconds followed by 40 cycles of 95 o C for 10 seconds, 60 o C for 10 seconds and 72 o C for 10 seconds. The HRM analysis on PCR product was started at 60 to 97 o C with 0.1 o C increment. The results were analyzed using MyGo-Pro PCR software based on the melting curve shape on the Normalized Melting Curves and melting point Tm of the amplified product.
Nucleotide sequencing
The PCR products containing rs1801133 were obtained by PCR with the CN3-CN4 primer pair. They were purified before being labeled with approriate fluorescents. Next, the labeled PCR products were analyzed on ABI 3500 genetic analyzer. The nucleotide sequence of the target PCR product was analyzed based on the fluorescence signals. This sequence was compared to the original sequence containing rs1801133 on GenBank. In addition, the fluorescence signal at rs1801133 position was analyzed to confirm the genotype of rs1801133.
Verification of analytical specificity
Analytical specificity of the real-time PCR HRM protocol was investigated using real-time PCR with the primer pair for rs1801133 genotyping on genetic materials from various microorganisms that may appear simultaneously on human body. If the rs1801133 genotyping protocol is positive for human DNA and negative on other genetic materials, the rs1801133 genotyping protocol is completely specific for rs1801133 in humans.
Assessment of precisions
The rs1801133 genotyping protocol was repeated several times in the same test conditions on the same day on the samples containing known C/C, C/T and T/T genotypes to check the repeatability. Also, the rs1801133 genotyping protocol was repeated several times during various test conditions on samples containing known C/C, C/T and T/T genotypes to check the reproducibility. The degree of deviation in the rs1801133 genotyping resulted on the samples was assessed using the value of CV (Coefficient of Variation) and the unit of calculation was expressed as percentage.
RESULTS AND DISCUSSION
Oligonuclotide design
We designed the primer pair for genotyping rs1801133 by real-time HRM PCR and the primer CN3: 5' CTT TGA GGC TGA CCT GAA GC 3' -CN4: 5' AGG ACG GTG CGG TGA GAG TG 3' CN5: 5' GAA GGA GAA GGT GTC TGC GGA G 3' -CN6: 5' AGC TGC GTG ATG ATG AAA TCG 3'
The CN5-CN6 primer pair was designed for genotyping rs1801133 and PCR product with this primer pair was 45 bp in size. The small size of 45 bp helps to avoid other SNPs in the proximity of rs1801133. Moreover, the CN5-CN6 primer pair occupies most of the nucleotide sequence of the PCR product except for the position of rs1801133 resulting that different human DNAs containing rs1801133 will be distinguished merely at rs1801133 (Fig. 1) .
In constrast, the CN3-CN4 primer pair was designed for sequencing rs1801133 by Sanger technique and PCR product with this primer pair was 221 bp in size. The next step, we checked the technical parameters of the primers such as Tm, the GC component, the free energy of the secondary structures using OligoAnalyzer software. The results were presented in Table 1 . The results in Table 1 showed that the four primers met the specific requirements to work well in the PCR. Finally, we tested the theoretical specificity of these primers using Blast software. The results showed that the primers matched with the human DNA at the MTHFR gene (Data not shown). In conclusion, the designed primers were good for the subsequent experiments. NATURAL SCIENCES, VOL 2, ISSUE 3, 2018
Building the real-time PCR HRM for genotyping rs1801133
With the CN5-CN6 primer pair, a real-time PCR HRM reaction on six human DNA samples were built. The results were presented in Fig. 2 . The results in Fig. 3 showed the occurrence of the peaks corresponding to the nucleotides of rs1801133. On the reverse strand, the sample containing the T/T genotype contained a peak of adenine, the sample containing genotype C/T contain a double peak, representing adenine and guanine, and the sample containing the C/C genotype contained a peak representing guanine. Thus, the result of Sanger nucleotide sequencing confirmed that the rs801133 genotyping results by real-time PCR HRM were accurate.
Optimization of MgCl2 concentration
MgCl2 is the major component that influences the melting temperature of PCR products when analyzed by HRM. Therefore, we investigated the optimum MgCl2 concentration for distinguishing three melting curve patterns corresponding to three genotypes C/C, C/T and T/T of rs1801133. In the PCR master mix for real-time PCR HRM with the unknown concentration of MgCl2, we investigated the added MgCl2 concentrations as follows: 0 mM, 0.5 mM, 1 mM, 1.5 mM, 2 mM, 2.5 mM, and 3 mM. The results of the optimization of MgCl2 concentration were shown in Fig. 4.   Fig. 4 . Examination of the optimal MgCl2 concentration to distinguish three melting curves corresponding to the three genotypes C/C, C/T and T/T of rs1801133
The results in Fig. 4 showed that the three melting curve genes corresponding to the three genotypes C/C, C/T and T/T of rs1801133 were more clearly distinguished when the MgCl2 concentrations increased. At the MgCl2 concentration of 3 mM, three melting curves were most distiguished and the Tm. With this result, the 3 mM concentration was chose for subsequent studies.
Analytical specificity of real-time PCR HRM protocol
Analytical specificity of the real-time PCR HRM protocol was demonstrated by the selective amplification of the human DNA region containing rs1801133 by the target primer pair. In this experiment, we investigated the selective amplification of the CN5-CN6 primer pair on the genetic material of various agents including human and bacteria (Escherichia The results in Fig. 5 showed that only the human DNA sample gave the positive result in the real-time PCR reaction with the CN5-CN6 primer pair, whereas DNA samples from the bacteria produced negative results in the reaction with the same primer pair. To confirm the negative results in the real-time PCR reaction with the CN5-CN6 primer pair on the bacterial DNA samples were truly negative, we performed the PCR reaction with the 27F-1495R primer pair on these DNA samples. This is a primer pair specific for the 16S rRNA gene of all eubacteria. Results showed that the DNA samples from E. coli, S. aureeus, P. aeruginosa, S. dysenteria, V. cholera, K. pneumoniae were positive for PCR with the 27F-1495R primer pair (Data not shown). This result confirmed that the negative results in the real-time PCR reaction with the CN5-CN6 primer pair on the bacterial DNA samples were truly negative. Thus, the real-time PCR HRM protocol was specifically designed to genotype rs1801133 in human.
Precisions
We genotyped rs1801133 using the real-time PCR HRM protocol on three samples of C/C, C/T and T/T genotypes five times in the same experiment batch to measure the repeatability of the protocol. Also, we genotyped rs1801133 using the real-time PCR HRM protocol on three samples of C/C, C/T, T/T genotypes five times in five experiment batchs to measure the reproducibility of the protocol. The repeatability and reproducibility expressed by the coefficient of variation (CV) and the CV values were calculated as percentage. The results were presented in Tables  2 and Table 3 . The CV value of the repeatability test of the real-time PCR HRM protocol was 0.08% and the reproducibility test results showed the CV value of 0.13%. These CV values proved the high precision of the real-time PCR HRM protocol for genotyping rs11077.
Evaluating the real-time PCR HRM protocol on 100 human DNA samples
We evaluated the performance of the real-time PCR HRM protocol for genotyping rs1801133 on 100 human DNA samples which were given by the Center for Research and Applied Biology. The genotyping results were presented in Fig. 6 . The results in Fig. 6 showed that there were 12 samples with genotype T/T, 15 samples with genotype C/T, and 73 samples containing genotype C/C. In addition, we performed the rs1801133 genotyping by Sanger nucleotide sequencing on 10 random samples out of the above 100 DNA samples for comparision. The rs1801133 genotyping results on these 10 DNA samples matched well between the real-time PCR HRM protocol and the Sanger sequencing method (results not shown). In this study, the proportion of people carrying the unfavorable genotypes T/T and C/T accounted for 27% which shows the relatively high incidence of MTHFR defect in the vietnamese population. The genotype frequency of rs1801133 varies in different studies. Yu (2014) showed that the unfavorable genotypes T/T and C/T accounted for 12.9% in the Chinese population [19] while these unfavorable genotypes was 65 % in Columbian population [20] . This genetic information is essential for health authorities to control MTHFR defected-related diseases in the community.
CONCLUSION
In this study, we built the rs1801133 genotyping protocol based on the real-time PCR HRM technique. The performance characteristics of the genotyping protocolin in the terms of analytical specificity, repeatability, reproducibility were good. Application of this genotyping protocol on 100 human DNA samples showed good results in comparison with the Sanger nucleotide sequencing method. The real-time PCR HRM for rs1801133 genotyping in this study can be used as the molecular tool for association studies of this SNP in human diseases. In addition, the protocol could be developped as a molecular assay for the diagnosis of hyperhomocysteinemia and the prognosis of cancer treatment with specific medications.
